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unusual homotetrameric, bipolar
structure which would allow it to
mediate MT–MT crosslinking,
coupled to either sliding or braking.
But a note of caution is warranted;
the idea that kinesin-5 is indeed
a bipolar molecule is based on
relatively low-resolution
ultrastructural data, and there is
now a need to test and refine this
hypothesis for purified kinesin-5
tetramers using high-resolution
structural analysis.
Some of us recall the time when
the world of motor proteins
seemed relatively uncomplicated;
cilia used dynein, muscles used
myosin, and we sensed that the
discovery of ‘THE mitotic motor’
lay just around the corner.
Subsequently, mitosis researchers
have uncovered a far more
fascinating scenario in which
multiple mitotic motors, a dozen
or so in Drosophila for example,
are deployed to functionally
coordinate the highly
choreographed sequence of
motility events associated with
spindle assembly and chromatid
separation. The work of Saunders
et al. on kinesin-5 [4] extends our
growing appreciation of mitotic
motor diversity by suggesting that
this key mitotic motor can be used
to carry out a previously
unrecognized function in
C. elegans spindles. As these
authors point out, it is striking
how natural selection adopts such
diverse strategies in different
cell-types to move apart sister
chromatids the few microns
required to ensure that the
products of each cell division
inherit a complete set of genetic
instructions. This diversity
presents a challenge, since useful
general models for spindle
assembly and function must not
only incorporate the basic
principles common to all spindles,
but should also be sufficiently
adaptable to encompass the
diversity of spindle design
produced by natural selection.
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R547Kin Recognition: Knowing
Who’s Boss in Wasp Colonies
Paper wasps recognise the dominant individual in their colony and
surrender reproduction to this alpha individual. Contrary to expectations
her dominance status is not signalled by a chemical indicator of fertility.
Duncan E. Jackson
Many behavioural interactions
among organisms are determined
by genetic relationships and
correspond to the prediction of kin
selection theory: that close
relatives treat each other better [1].
Individuals are more likely to
behave altruistically towards close
relatives because they share a high
proportion of their genes [2]. Innature we find that altruism is
widespread in groups and
inbreeding is rare, both of which
indicate that the ability to
recognise kin is ubiquitous.
Understanding the proximate
mechanisms underlying kin
discrimination is an area of intense
research. A new study by Dapporto
et al. [3], reported recently in
Current Biology, shows that the
main egg-producer in a paperwasp
colony is differentiated by
a chemical signal which denotes
her dominant status, and that this
Current Biology Vol 17 No 14
R548allows her to recognise and destroy
her competitor’s eggs.
Three main mechanisms might
mediate kin recognition. Firstly,
‘indirect’ recognition, where
individuals behave altruistically
towards conspecifics they
encounter in a location where
relatives are predictably
encountered, such as a nest.
Secondly, individuals could
‘directly’ compare the phenotype
of others with a neural ‘template’
formed during previous social
encounters [4]. This second
mechanism assumes that an early
period of associative learning
facilitates subsequent fine
discrimination of kin. A third
postulated mechanism is
recognition alleles, which
generate an individual phenotypic
template for self-reference [4].
There is general agreement that
phenotype-matching mediated by
social learning will result in reliable
kin discrimination, but only at the
colony level. Recognition at the
sub-colony level might demand
that recognition alleles generate
recognisable phenotypic
characters [5].
Study of kin recognition in avian
and mammal can societies [6] has
delivered new insights, but the
most productive research area has
been the study of insect societies,
particularly paper wasps (Polistes
spp.) [7]. Kin recognition is
generally considered to be vital to
the success of social insects, but
understanding its mechanism is
complicated by the fact that
discrimination can occur at
multiple levels, including:
individual; caste; colony; and
colony aggregation. Recognition
is principally mediated by
antennal chemoreception of
compounds contacted on the
cuticle, especially cuticular
hydrocarbons (CHCs) [8].
It is easy to envisage how
individuals in a colony might share
a common odour. Close contact,
grooming and food sharing by
trophallaxis generate a ‘gestalt’
odour which enables phenotype-
matching through associative
learning and comparison. In certain
circumstances, however, such as
queenless ants and paper wasps,
recognition of individuals is
required which demands a morediscriminatory examination of
chemical information. Although
many insect societies possess
sterile workers and
a morphologically specialised
queen caste, in others all or several
individuals are capable of
reproduction. Potential conflicts
over who reproduces can be
resolved through a dominance
hierarchy, where a single alpha
female dominates egg production
in the colony, while subordinate
females work. But how do
individuals recognise the alpha
female and how is her status
protected from egg-laying
subordinates?
An alpha female might display
her dominant status with a signal of
her fertility, because this would be
an honest signal if it indicated an
underlying physiological change
associated with egg-laying, one
that could not be copied by lower-
ranking females. Peeters et al. [9]
found that in the ponerine ant
Dinoponera quadriceps
a hydrocarbon, 9-hentriacontene,
was present at much higher levels
on alpha females compared to
subordinates. Similarly, Sledge
et al. [10] could chemically
distinguish alpha females in the
paper wasp, Polistes dominulus,
on the basis of one particular peak
in their CHC profiles. In both cases,
when alphas were removed their
replacements developed CHC
profiles that matched the original
alpha females. These results
suggest that dominant
reproductive status is advertised
through an honest signal of fertility,
and that this signal cannot be
replicated unless individuals
assume an alpha role.
Dapporto et al. [3], however,
show that subordinate individuals
of P. dominulus can be
manipulated into laying eggs with
a frequency matching the initial
fertility of the still-present alpha
female, but remarkably their CHC
profiles never matched those of
alphas. They then showed that
relative positions of individuals in
the dominance hierarchy were
chemically correlated, and suggest
that status is advertised through
variable proportions of 17 CHCs,
rather than by reference to the
single CHC fertility signal. Thus, it
appears that dominance is notmediated through an honest signal
of fertility, but instead dominant
individuals express a characteristic
CHC profile, separate from the
fertility signal, and one which is
also found on their eggs.
Importantly, this dominance signal
might enable offspring of the
P. dominulus alpha to distinguish
eggs laid by the alpha female (their
mother) from those laid by other
fertile subordinates. P. dominulus
colonies contain several unrelated
foundresses, so if the offspring of
the alpha can identify eggs laid by
individuals other than the alpha
then they could accrue inclusive
fitness benefits by destroying
them.
Previous studies have shown
that paper wasp alphas can only be
chemically distinguished from
subordinates after the emergence
of the first brood, and in the case of
replacement alphas after another
ten days [10]. There is a similar
delay in D. quadriceps where new
alphas require 15 days to become
chemically distinct [9]. In another
ponerine ant, Pachycondyla villosa,
alpha queens are chemically
indistinguishable until the first
workers emerge [11]. Thus,
changes in CHC profile correlated
with dominance status occur well
after hormonal switches stimulate
ovarian development and
enhanced fertility [10]. But
signalling fertility alone is not
enough. Application of the putative
D. quadriceps fertility signal,
9-hentriacontene, to beta females
does not lead to differential
treatment from subordinate or
dominant individuals, which
suggests that the fertility signal
alone is insufficient to denote rank
(T. Monnin, personal
communication). This result
reinforces the claim that
dominance status is
communicated using a separate
signal to fertility, and that this
enables alphas to dominate egg
production in the presence of other
fertile individuals.
In practice, the control of egg
production in P. dominulus is by
alphas which engage in ‘queen
policing’ and destroy eggs laid by
subordinates [12,13]. The
establishment of a dominance
hierarchy is accompanied by CHC
changes that make it possible for
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other’s rank, and that of their eggs
too. Alphas can readily distinguish
their eggs from those laid by
subordinates, but is discrimination
mediated by comparison to
a learned template or by
self-reference to the individual
phenotype? Either option is
feasible, but new research into
mechanisms of kin discrimination
has presented compelling
evidence for a peripheral
recognition system enabling rapid
discrimination, without the
involvement of the brain. Ozaki
et al. [14] found a specialised
sensillum on carpenter ant
antennae which only responded to
non-nestmates. Individual sensilla
were habituated to an individual’s
own odour and only generated
a neuronal response in the
presence of non-nestmate CHCs.
The authors suggest that additional
sensilla might be specialised in
other social insect chemosensory
roles. This brings a new
perspective to the ‘template’
hypotheses discussed earlier,
because here is a mechanism thatCalcium Signaling
CRAC Meet at the
Receptor-evoked Ca2+ influx is med
channels, such as the CRAC channe
Recent work reveals that pyruvate, th
cycle, regulates Icrac to prolong Ca
2+
oxidation of glucose and its own met
influx by the CRAC channel.
Shmuel Muallem
The metabolic flow of cellular
energy involves the glycolytic
oxidation of glucose to generate
pyruvate, which is either
metabolized to lactate during
anaerobic respiration or is
metabolized in mitochondria to
acetyl-CoA, which is used in the
Krebs cycle to generate ATP and
many metabolic intermediates.
Pyruvate is therefore at the
crossroads of cellular metabolism
as an oxidative fuel and as
a precursor for other fuels and
metabolites.requires no ‘learning’ in the usual
sense, but readily compares a test
odour with the sampler’s current
CHC phenotype. It is tempting to
speculate that a P. dominulus
alpha could become habituated to
her own odour and thus only detect
eggs laid by subordinates,
because they differ from her own
alpha CHC profile.
References
1. Foster, K.R., Wenseleers, T., and
Ratnieks, F.L.W. (2006). Kin selection is
the key to altruism. Trends Ecol. Evol. 21,
57–60.
2. West, S.A., Gardner, A., and Griffin, A.S.
(2006). Altruism. Curr. Biol. 16,
R482–R483.
3. Dapporto, L., Dani, F.R., and Turillazzi, S.
(2007). Social dominance molds cuticular
and egg chemical blends in a paper wasp.
Curr. Biol. 17, R504–R505.
4. Getz, W.M., and Smith, K.B. (1986). Honey
bee kin recognition: learning self and
nestmate phenotypes. Anim. Behav. 34,
1617–1626.
5. Waldman, B., Frumhoff, P.C., and
Sherman, P.W. (1988). Problems of
kin recognition. Trends Ecol. Evol. 3,
8–13.
6. Komdeur, J., and Hatchwell, B.J. (2000).
Kin recognition: function and mechanism
in avian societies. Trends Ecol. Evol. 14,
237–241.
7. Dani, F.R. (2006). Cuticular lipids as
semiochemicals in paper wasps and other
social insects. Ann. Zool. Fennici. 43,
500–514.: Pyruvate and
Crossroads
iated by store-operated Ca2+
l, which mediates the Icrac current.
e precursor substrate for the Krebs
influx into the cell, thereby coupling
abolism in the mitochondria to Ca2+
Several key glycolytic and
Krebs-cycle enzymes that
generate and consume pyruvate
are regulated by cytosolic Ca2+
[1,2]. The receptor-evoked
cytosolic Ca2+ signal involves Ca2+
release from intracellular stores,
followed by activation of
store-operated Ca2+ influx
channels (SOCs) at the plasma
membrane. A well-characterized
SOC is the Ca2+ release-activated
Ca2+ (CRAC) channel that mediates
the CRAC current Icrac [3]. SOCs
and Icrac are activated by the
release of Ca2+ stored in
a subcompartment of the8. Singer, T.L. (1998). Roles of hydrocarbons
in the recognition systems of insects.
Amer. Zool. 38, 394–405.
9. Peeters, C., Monnin, T., and Malosse, C.
(1999). Cuticular hydrocarbons
associated with reproductive status in
a queenless ant. Proc. R. Soc. Lond. B
266, 1323–1327.
10. Sledge, M.F., Boscaro, F., and
Turillazzi, S. (2001). Cuticular
hydrocarbons and reproductive
status in the social wasp Polistes
dominulus. Behav. Ecol. Sociobiol. 49,
401–409.
11. D’Ettore, P., and Heinze, J. (2005).
Individual recognition in ant queens. Curr.
Biol. 15, 2170–2174.
12. Ratnieks, F.L.W. (1988). Reproductive
harmony via mutual policing by workers in
eusocial Hymenoptera. Am. Nat. 132,
217–236.
13. Liebig, J., Monnin, T., and Turillazzi, S.
(2005). Direct assessment of queen quality
and lack of worker suppression in a paper
wasp. Proc. R. Soc. Lond. B 272,
1339–1344.
14. Ozaki, M., Wada-Katsumata, A.,
Fujikawa, K., Iwasaki, M., Yokohari, F.,
Satoji, Y., Nisimura, T., and
Yamaoka, R. (2005). Ant nestmate and
non-nestmate discrimination by
a chemosensory sensillum. Science 309,
311–315.
University of Sheffield, Department of
Computer Science, Regent Court, 211
Portobello Street, Sheffield S1 4DP, UK.
E-mail: duncan@dcs.sheffield.ac.uk
DOI: 10.1016/j.cub.2007.05.010endoplasmic reticulum (ER) that
expresses the ER Ca2+ sensor
STIM1 [4,5]. Ca2+ influx by Icrac and
SOCs is critical for maintaining the
receptor-generated Ca2+ signal
over time and as such mediates
virtually all regulatory functions
of Ca2+ [3]. Thus, Ca2+ influx by
SOCs and Icrac is at the crossroads
of the receptor-evoked Ca2+
signal.
In a recent issue of Current
Biology, Bakowski and Parekh [6]
report evidence of communication
between cellular metabolism and
Ca2+ signaling, by showing that
pyruvate directly regulates the
native Icrac. The CRAC channel is
subject to regulation by Ca2+, as
Ca2+ entering the cells through
CRAC feeds back to inhibit further
Ca2+ influx through the channel
[3]. Two forms of Ca2+-dependent
inactivation of Icrac have been
described — a slow inactivation
that takes place over many
seconds, and a fast inactivation
that occurs within a few
milliseconds of Ca2+ entry [3,7–9].
